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their regulatory functions in stages from the blastula to early
neurula remain largely unknown. In our present study, we
systematically knocked down the B1 sox genes in zebrafish. Only
the quadruple knockdown of the four B1sox genes sox2/3/19a/19b
resulted in very severe developmental abnormalities, confirming
that the B1sox genes are functionally redundant. Phenotypic
analyses of the sox2/3/19a/19b quadruple knockdown embryos
revealed that the B1 SOX proteins regulate the following distinct
processes: (1) early dorsoventral patterning by controlling bmp2b/
7; (2) gastrulation movements via the regulation of pcdh18a/18b
and wnt11, a non-canonical Wnt ligand gene; (3) neural differ-
entiation by regulating the Hes-class bHLH gene her3 and the
proneural-class bHLH genes neurog1 (positively) and ascl1a
(negatively), and regional transcription factor genes, e.g., hesx1,
zic1 and rx3; and (4) neural patterning by regulating signaling
pathway genes, cyp26a1 in RA signaling, oep in Nodal signaling,
shh, and mdkb. Chromatin immunoprecipitation analysis of the
her3, hesx1, neurog1, pcdh18a and cyp26a1 genes further suggests a
direct regulation of these genes by B1 SOX. These findings indicate
that the B1 SOX proteins control a wide range of developmental
regulators in the early embryo and suggest that the B1sox
functions are central to coordinating cell fate specification with
patterning and morphogenetic processes occurring in the early
embryo.
doi:10.1016/j.ydbio.2010.05.429
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Role of the dlx cis-regulatory elements I56i and I56ii in zebrafish
GABAergic interneuron development
Man Yu, Marc Ekker
CAREG, Departments of Biology and of Cellular and Molecular Medicine,
University of Ottawa, Canada
The Dlx homeobox genes play a role in the differentiation,
migration and survival of subpallial precursor cells that mainly
give rise to GABAergic interneurons. They also regulate the Gad
genes encoding the enzymes necessary for GABA synthesis. In
mice, at least four cis-acting regulatory elements (CREs) control
Dlx expression in the telencephalon and diencephalon: I12b and
URE2 in the Dlx1/2 bigene cluster; I56i and I56ii in the Dlx5/6
cluster. We showed that I56i marks GABAergic progenitors in the
ganglionic eminences and subtypes of GABAergic cortical inter-
neurons in adult mice. Activity of I56ii is found in a subpopulation
of GABAergic striatal projection neurons at E11.5-E13.5. To
investigate whether similar Dlx-mediated pathways exist in
zebrafish, we established lines of transgenic zebrafish with
reporter constructs containing a 1.4kb Dlx5a/6a intergenic frag-
ment (encompassing I56i and I56ii) or a 295 bp fragment of I56i.
Preliminary data revealed that EGFP-positive cells in the two lines
largely overlap, at least in some domains of the telencephalon. Co-
expression of EGFP with various GABAergic interneuron markers
was observed in cells of the telencephalon and diencephalon
starting at 2 dpf. We are examining whether morpholino knock-
down of the dlx genes causes reductions in CRE activity and
interferes with GABAergic neuron development. These studies will
help us better understand the functional involvement of the dlx
genes in an evolutionarily conserved pathway controlling GABAer-
gic interneuron differentiation. Supported by CIHR, NSERC, and the
Department of Cellular and Molecular Medicine, University of
Ottawa.
doi:10.1016/j.ydbio.2010.05.430
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Swi/Snf chromatin remodeling complexes control zebrafish
neural patterning and differentiation
Nick Osborne, Keriayn N. Smith, Terry Magnuson
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In eukaryotic nuclei Swi/Snf chromatin remodeling complexes
control nucleosome occupancy, balancing the necessity of DNA
packaging with that of access to DNA by regulatory factors. Swi/
Snf targeting is controlled by subunit make up, which is regulated
by cell type and differentiation state. Swi/Snf complexes broadly
belong either to the BAF or PBAF families. PBAF complexes are
distinguished by the inclusion of specific subunits, such as Arid2.
Using a morpholino targeting the zebrafish arid2 gene, we have
investigated Arid2 mediated PBAF function during development.
Neural tissues are particularly sensitive to Arid2 depletion. arid2
morphants lack specific neuronal and sensory cell populations and
have posteriorization of the anterior neural plate. While the signals
responsible for neural plate anteriorization appear normal in the
absence of Arid2, expression domains of markers of forebrain and
midbrain identities are reduced at the end of gastrulation. The
reduction in anterior neural fates contrasts with hindbrain and
spinal regionalizations, which are anteriorly shifted but otherwise
normal. Therefore, anteriorizing signals are either not received or
improperly transduced in arid2 morphants. In order to identify
potential Arid2 transcriptional targets responsible for anterior
neural fates we are using ChIP-Seq techniques. Our findings
demonstrate that we can successfully identify cell type and
developmental stage specific roles for Swi/Snf chromatin remodel-
ing complexes using whole animal targeting of specific Swi/Snf
subunits.
doi:10.1016/j.ydbio.2010.05.431
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Fox1 and Fox4 regulate muscle-specific splicing in zebrafish and
are required for cardiac and skeletal muscle functions
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Fox RNA binding proteins are important regulators of tissue-
specific splicing in vertebrates. Using human exon array and
zebrafish bioinformatic data, we have identified and validated
numerous muscle-enriched exons with conserved Fox binding
motifs in adjacent introns. We tested the function of Fox proteins
using antisense-mediated knockdown in zebrafish embryos. Deple-
tion of two muscle-enriched fox paralogs, Fox1 and Fox4, results in
significant changes in splicing of 12 predicted target exons and
uncovers both distinct and redundant roles for Fox1 and Fox4 in
the regulation of alternative splicing. Furthermore, combined Fox1/
Fox4 depletion induces specific and dramatic morphological
defects. Despite a relatively normal overall appearance, Fox1/
Fox4-depleted embryos exhibit ventricular hypotrophy, reduced
heartbeat, and blood circulatory defects. Additionally, depleted
embryos are nearly completely paralyzed, indicating that Fox
proteins regulate genes that have a role in muscle contraction
and/or motor neuron function rather than in skeletal muscle
specification. Importantly, Fox-depleted embryos co-injected with
fox mRNAs rescue splicing of predicted Fox-regulated exons and
the cardiac, blood, and motility defects. Our findings indicate that
Fox proteins are important regulators of muscle-specific splicing
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programs and are necessary for cardiac and skeletal muscle
functions in zebrafish.
doi:10.1016/j.ydbio.2010.05.432
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Regulation of endoderm development by zebrafish Nipbl
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Heterozygous loss of the Nipped-B-like gene (Nipbl) is the most
common cause of Cornelia de Lange Syndrome (CdLS). Although
Nipbl is a cohesin-associated protein conserved among all eukaryotes,
recent studies suggest that it regulates gene expression through
mechanisms independent of cohesin's established role in chromatid
cohesion. There are 2 Nipbl genes in zebrafish, zNipbl-1 and zNipbl-2,
and embryos injected with morpholinos targeting either gene
(zNipbl-morphants) show defects in formation of the gut/visceral
organs and heart with a range of severity from looping defects to
organs duplication. Such morphants show significant reductions in
sox32, sox17 and foxa2 expressions in endoderm cells, and we found
that combined sox17/foxa2-double morphants exhibited gut bifurca-
tions similar to zNipbl-morphants. Interestingly, the degree of sox17
and foxa2 suppression in zNipbl-morphants was greater than could be
explained by the reduction in sox32 (a known positive regulator of
these genes), and the response of these genes to ectopic sox32 was
significantly blunted. These data suggest that zNipbls may influence
sox17 and foxa2 transcription directly. In zNipbl-morphants, we also
observed abnormal spatial expression of the left–right patterning
genes, lefty2 and southpaw, although Kuppfer's vesicle (KV), a critical
organ for left–right patterning that depends on sox32 function,
formed normally, implying that zNipbls act downstream of KV
formation. These results support the idea that zNipbls regulate
embryonic development through modulating gene expression at
multiple levels. Supported by NIH P01-HD052860.
doi:10.1016/j.ydbio.2010.05.433
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Transcriptional regulation of GlyT2 and GAD67 in X. laevis
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GABA and glycine serve as the two most prevalent inhibitory
neurotransmitters in the vertebrate CNS. Elucidating the processes
involved in the adoption of the glycinergic and GABAergic pheno-
types is critical to understanding overall CNS development. To this
end we are examining the transcriptional regulation of the terminal
differentiation genes glutamic acid decarboxylase (GAD67) and
glycine transporter 2 (GlyT2) in GABAergic and glycinergic neurons
respectively in Xenopus laevis. Many of these terminal differentiation
genes demonstrate little regulatory sequence conservation across the
vertebrate lineages. In silico analysis of the GAD67 and GlyT2
sequences was used to compare the genes to other members of the
vertebrate lineages to identify areas of conservation that could
potentially represent putative regulatory elements revealed little
conservation in the GAD67 upstream region but several conserved
sequences in the GlyT2 upstream region. Using this information we
constructed a series of EGFP reporter constructs driven by different
regions of the GAD67 or GlyT2 upstream regions. Embryos produced
with constructs driven by 4.3 kb of upstream DNA revealed expres-
sion patterns comparable to that of endogenous GAD67, while GAD67
expression in the retina was observed with 111 bp of upstream DNA.
Despite significant conservation between the X. laevis and other
vertebrate GlyT2 upstream regions, no expressionwas observed using
up to 5 kb of upstream DNA. This analysis will further our under-
standing of the mechanisms during expression of neural terminal
differentiation genes.
doi:10.1016/j.ydbio.2010.05.434
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Regulation of nervous system development by F-box mediated
ubiquitination
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Development of the central nervous system (CNS) is a dynamic
process during which the abundance of proteins is regulated
temporally and spatially at the transcriptional level and by the
degradation of proteins no longer needed. While much is known
about the regulation of gene expression during neural development,
little is known about the role of protein degradation. Studies of cell
cycle regulation show that a major mechanism of protein degradation
is through F-box proteins, which function in the recognition and
recruitment of specific targets for the ubiquitin/26S proteasome
pathway. To determine whether F-box proteins function in CNS
development, we identified 53 putative F-box genes in the Xenopus
tropicalis genome and annotated the family using phylogenetic
approaches. We performed a genome-wide search for the neuron
restrictive silencing element (NRSE), a motif required to silence
neuronal genes in non-neuronal tissues, and identified 3 candidate F-
box genes; Fbxl7, Fbxo16, and Fbxo41, all of which are expressed in
neuronal tissues. Furthermore, we showed that overexpression of
Fbxo16 causes loss of neurons suggesting an important role in
neurogenesis. We are studying the role of each F-box protein with
gain- and loss-of function analysis. We will also identify targets of F-
box proteins using mass spectrometry and a candidate target
approach.
doi:10.1016/j.ydbio.2010.05.435
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hnRNP K: An essential element of a posttranscriptional regulon of
multiple cytoskeletal mRNAs involved in axon outgrowth
Yuanyuan Liu, Ben G. Szaro
Dept. Biol., State Univ. NY, Albany, NY, USA
Axon outgrowth is controlled by extracellular cues and intrinsic
factors that regulate the synthesis and cytoarchitecture of the
neuronal cytoskeleton. Previously, we demonstrated that hnRNP K,
an RNA binding protein, is essential for axon outgrowth in Xenopus
and hypothesized that the axonless phenotype arising from hnRNP K
knockdown was caused by dysfunctional posttranscriptional control
of multiple mRNAs associated with the cytoskeleton. To identify
potential neuronal hnRNP K targets in vivo, we analyzed mRNAs from
juvenile Xenopus brain that co-IP'd with hnRNP K using microarrays.
We observed significant enrichment in genes associated with
intracellular transport and localization (37%) and with the cytoske-
leton and its regulation (15%). Select mRNAs were further validated
by qRT-PCR, most of which increased in expression coincidentally
with axon outgrowth. Among these validated targets, three mRNAs
representing components of each of the neuronal cytoskeletal
polymers (microfilaments, microtubules, and neurofilaments) were
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